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An oxygen-generating candle composition is disclosed of the type that includes an amount of an alkali metal chlorate or 
perchlorate oxygen source and which upon initiation and decomposition yields oxygen and residual chlorine, wherein the im- 
provement comprises a non-toxic adduive in the candle composition for suppression of the residual chlorine and to enhance un- 
iform oxygen generation and evolution. The additive is seleaed from the group consisting of from about 0.05% to about 10% by 
weight of lithium aluminate, metaborate, tetraborate, phosphate or pyrophosphate, metastlicate or orthosilicate, or carbonate, cal- 
cium phosphate or pyrophosphate, strontium carbonate or phosphate, or sodium metasilicate or orthosilicate. A metal oxide ca- 
talyst. a metal powder fuel, and a binder or filler are also included in the composition. 
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NON-TOXIC CHEMICAI. OryGEN GEMERATING COMPOSITIONS 



Baelccrround of the Invention 
5 This invention is broadly concerned with an 

improved candle for generating breathable oxygen by 
initiation and decomposition of an alkaline metal chlorate 
or perchlorate source. During decomposition of the 
chlorate or perchlorate, toxic free chlorine gas may be 

10 evolved. Furthermore, irregular decomposition of the 

alkali metal chlorate or perchlorate will result in uneven 
evolution of oxygen. 

Thus, this invention specifically relates to an 
oxygen generating alkali metal chlorate or perchlorate 

15 candle composition having a non-toxic additive compound 

incorporated therein which regulates and smooths oxygen 
decomposition and suppresses formation of toxic free 
chlorine gas. 

20 Deaeription of the Prior Art 

Chemical oxygen generating candles containing 
alkali metal chlorates or perchlorates have long been used 
as an emergency supply of breathable oxygen where weight 
and space limitations are important factors. Exemplary in 

25 this respect are aircraft which fly at high altitudes, 

submarines, and other closed atmospheric enclosures which 
house personnel or passengers. 

Memy previous oxygen candles which employed an 
alkali metal chlorate or perchlorate compound as the 

30 oxygen source have utilized = barium peroxide (BaOj) as an 

additive tp smooth out the decomposition rate of the 
chlorate or perchlorate and to suppress formation of free 
chlorine which is a toxic gas. A metal oxide catalyst has 
also commonly been used to facilitate decomposition of the 

3 5 oxygen source, and a powdered metal fuel such as iron 
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powder incorporated to furnish, extra heat to help sustain 
the reaction process. A small portion of glass powder 
and /or glass fibers have also been employed as a binder. 
Although. BaOj performs the function of suppressing free 
chlorine formation and smoothing oxygen evolution during 
decomposition of alkali metal chlorate or perchlorate 
oxygen sources, it is in and of itself a poisonous 
compound- Unless extraordinary precautions are talcen, 
tiny BaOj particles may be released along with, the oxygen 
generated, presenting an immediate health hazard to the 
person breathing the oxygen being generated and possibly 
contaminating the surrounding atmosphere as well. Equally 
as importantly , environmental regulations require the use 
of costly procedures and equipment to dispose of scraps 
and expended oxygen candles containing BaOg and /or its 
reaction products, such as BaCi^. 

Several alkali metal oxides such as NagO, NajOj 
and KOj have also been suggested as catalysts for NaclOj 
decomposition and to suppress acidic chlorine gas 
formation , but have not met with ' widespread usage . 

M.M. Markowitz et al., in U.S. Patent No. 
3,293,187 and in an article in r&EC Product Research and 
Development, 3(4), 323 (1964) disclosed that LigOg and 
other alkaline compounds can suppress free chlorine 
formation in lithium perchlorate based oxygen" candles. 
Manganese powder was used as a fuel, and manganese oxides 
formed during manganese oxidation were suggested as 
catalysts, in view of the fact that decomposition of such 
lithium perchlorate compositions tends to produce 
relatively high concentration of chlorine gas,. Markowitz 
had to use 5% LijOj by weight. With high lithium peroxide 
loading the integrity of the candle remains a problem 
since the candle tends to melt and flow away. 

U.S. Patent Nos. 3,702,305 and 3,736,104 
disclose use of sodium oxide and peroxide catalyst in a 
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sodixim chlorate oxygen candle. However, ttiese alkali 
metal oxides are air sensitive and caustic. They will 
absorb moisture and COj from the air and decompose, which 
results in decomposition upon exposure to air with 
5 concomitant production, use and storage problems. Candles 

using such compounds must be produced by a dry process, 
and production by wet processing is precluded. 

Chinese Patent No. 1035248A describes the use of 
lithium peroxide as a chlorine suppressant in a sodium 

10 chlorate oxygen candle. The formulation contains 2% -7% 

cobalt oxide, 0%-5% MnOj, 1%-6.S% Li202 l%-8% kaolin. 

The ingredients were dry mixed and pressed. The total 
oxygen generation is 6 liters, since magnesium is a very 
active metal and it can react with water and release 

15 hydrogen, the procedure is not practical if carried out as 

a wet process. Magnesium is also relatively difficult to 
ignite. Fairthermore , because a relatively high proportion 
. of lithium peroxide is used, a similar high proportion of 
cobalt oxide must be employed and several percent of 

20 kaolin has to be incorporated to maintain the integrity of 

the candle. High catalyst and additive loading increases 
candle weight and lowers the oxygen yield. 

Cobalt oxide and lithium peroxide are also 
relatively expensive chemicals. High loading signifi- 

25 cantly increases the cost of the candle. The Chinese 

patent also describes low fuel or no fuel candle 
compositions. However, no fuel or very low fuel candles 
are generally more sensitive . to environmental 
temperatures, and have difficulty functioning in cold 

3 0 environments . 



35 
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Summary of the Inven'txon 

The present invention overcomes the problems 
noted above and provides a greatly improved oxygen- 
g-enerating composition which contains, no poisonous 
compounds such as barium peroxide or other toxic 
compounds , or highly, unstable and caustic compounds such 
as sodium, oxide .and peroxide and potassixim superoxide. 
The new formulations are suitable for either wet or dry 
processing. The oxygen candle additives described herein 
are non-toxic and reasonably stable in air and function 
both to smooth the sodium chlorate decomposition rate, and 
to suppress chlorine formation. The additive enhanced 
alkali metal chlorate or perchlorate formulations function 
well across a wide range of environmental temperatures. 

Broadly speaking^ the oxygen generating candle 
includes an oxygen, source which upon initiation and 
decomposition, yields oxygen, with a non-toxic additive 
being incorporated into the candle to smooth oxygen 
evolution and to suppress foliation of residual chlorine 
gas resulting from the side reactions taking place. The 
additive of , the present invention includes one or more 
alkaline compounds selected from the group consisting of 
(a) ' a compotand of the f ormuJ.a MgH^X^jOj^ where M = an alkali 
metal or alkaline earth metal, a = a number which is one 
or more, H = hydrogen, b *= a number which is 0, qt one or 
more, X = an element chosen from the group consisting of 
the elements of Group IIIA, the elements of Group IVA, the 
elements identified by the numbers 15 and ,51 of Group VA, 
the elements of Group IVB, the elements pf Group VB, the 
elements of Group X'lB, and the element identified by the 
number 25 of Group . vilB of the Periodic Table, c = a 
nxamber which is one or more, o = oxygen, and d = a number 
which is one or more; (b) lithium, sodium, potassium, 
rubidium, cesium, magnesium and strontium hydroxides; (c) 
magnesium, calcium and strontium peroxides; and (d) 
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mixtures of the foregoing. 

In particularly preferred forms -he candle 
includes: an alkali metal chlorate or perchlorate oxygen 
source; from about 0.05% to about 10% by weight of lithium 
alximinate, metaborate, tetraborate, phosphate or 
pyrophosphate, metasilicate or othosilicate, or carbonate, 
caicixim phosphate or pyrophosphate, strontium carbonate or 
phosphate, or sodium metasilicate or othosilicate; a metal 
oxide catalyst; a metal powder fuel; -and a binder or 
filler. 

When used in aircraft, weight is one of the most 
important factors to be considered. Therefore, LijOj, 
LiAl02, LiBOj, Li'^B^O^, Li2Si03, LijPO^ and Li2Si03 are 
preferred because of their relatively lower molar weight. 
Substitution of an equimolar - amount of one of these 
lithi\am compounds for BaOj reduces the overall candle 
weight. 

It is also an objective to make an oxygen candle 
which csai operate over a wide range of siirrounding 
temperatures. Oxygen candles used in aircraft must 
function well in a wide temperature band which may range 
from -30*»C to 60*C- If the candle bums substantially 
faster at higher surrounding temperatures, a much larger 
candle must be used in order for the candle to supply 
oxygen for a required duration over the requested wide 
range of temperatures. 

A sufficient amount of the alkaline additive is 
introduced into the candle body composition to increase 
the decomposition temperature of the alkali metal chlorate 
or perchlorate oxygen source to a level above the melting 
temperatiire thereof that assures steady oxygen generation. 
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Brief Description of the Dravinqa 

Fig- 1 depicts temperature programmed 
decomposition profiles of sodium ciilorate catalyzed with 
cobalt oxide, and sodium chlorate compositions catalyzed 
with cobalt oxide and decomposition smoothing and chlorine 
inhibiting agents comprising strontium carbonate, lithium 
tetraborate, calcium pyrophosphate, sodium silicare and 
lithium phosphate respectively; and 

Fig. lA shows similar decomposition curves for 
sodiiam chlorate alone, and sodium chlorate catalyzed with 
cobalt oxide and containing calcium hydroxide, lithiiam 
carbonate, lithium peroxide, barium oxide and lithium 
metaborate respectively; 

Fig. 2 depicts the eief ect of cobalt oxide on 
sodium chlorate decomposition, and illustrates the 
decomposition curves for sodium chlorate catalyzed with 
cobalt oxide, and sodixim chlorate catalyzed with cobalt 
oxide and containing sodium bicarbonate, sodium carbonate, 
sodiiim chromate, potassium hydroxide, and sodium phosphate 
respectively; and 

Fig. 2A is a similar depiction of the 
decomposition curves for sodium chlorate catalyzed with 
cobalt oxide and containing sodium hydroxide, barium 
hydroxide, lithium hydroxide, sodium metaborate and 
strontium hydroxide respectively; 

Fig. 3 is a graphical representation of the rate 
of flow of oxygen from a candle composition as set foirth 
in Example 1; 

Fig. 4 is a graphical representation of the rate 
of flow of oxygen from a candle composition as set forth 
in EXcunple 2; 

Fig. 5 is a graphical representation of thie rate 
of flow of oxygen from a candle composition as set forth 
in Exsuaple 3 ; 

Fig. 6 is a graphical representation of the rate 
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of flow of oxygen from a candle composition as set: forth 
in Example 5 ; 

Fig. 7 is a graphical representation of the rare 
of flow of oxygen from a candle composition as set forth 
5 in Exeuaple 6 ; and 

Fig. 8 is a cross-sectional view of a chemical 
oxygen generator useful in producing oxygen utilizing an 
alJcali metal chlorate or perchlorate candle composition in 
accordance with the present invention, with a typical 
10 candle block being illustrated in cross-section in the 

. generator canister. 



Deaeriptien of the Pref err«»«^ T?TH><odiment 

15 Referring now to the drawings, a representative 

chemical . oxygen . generator 10 that may be used in 
■ accordance with the present invention is illustrated in 
Fig. 8 and includes candle 12 installed in a canister 14 
along with suitable ignition means 16. Those skilled in 

20 the art: will appreciate that the candle of the invention 

may be used in connection with any number of other oxygen 
generation devices. 

Canister 14 includes a tubular housing 18 closed 
by end caps 18a and 18b, an interior core locator 

25 partition 20, spatter shield 22, outlet valve 24 and a 

pair of relief valves 26, 28 mounted on end cap I8a. It 
is to be understood that the number and location of outlet 
and relief valves may vary with the overall size and 
intended .. use of the apparatus. . Conventional filter 

30 . material (not. shown) occupies the space between core 
locator 20 and end cap 18a. Candle 12 is surrounded by 
thermal, insu-latiion- 32, 34. Mounting lugs 3 6, 38, 40 are 
provided on the exterior, of the canister surface. 

Ignition means 16 includes pull pin 42 , spring 

3 5 44, hammer 4 6 and primer 48. Although a percussion type 
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ignition, means is preferred., any suitable form of ignition 
means may be employed. 

Candle 12 broadly includes body 50 and an 
ignition pellet 52 . In order to match various high 
5 altitude descent oxygen flow specifications, the preferred 

candle 12 has a weight of between- 222 grams and 223 grams 
and is 5.0 inches long with a diameter of 1.4 inches at 
the ignition end and 1. 1 inches at the outlet end- The 
preferred ignition pellet 52 has a diameter of 0.56 
10 inches, is 0.25 inch thick and weighs 1.5 grams. Body 50 

consists of an oxygen source and a nontoxic additive 
compound incorporated into the candle- Candle 12 may be 
formulated to further • include a catalyst, a metal powder 
fuel, and a binder or filler. The candle 12 may be 
15 cbnstructed of multiple layers of varying chemical 

composition- As shown in Fig-- 8, the candle may include 
a first composition layer 54- in contact- with ignition 
pellet 52, and second composition layer 56 and layers 
thereafter including a nontoxic additive as described 
20 herein. In other embodiments, the first composition layer 

54 may also contain the nontoxic additive. The preferred 
candle includes additional layers 58, 60, 62, although any 
number of layers may h& used. 

In operation, a user engages pull pin 42 either 
25 directly or by means of a cord or other similar remote 

activation mechanism. When pin 42 is pulled, spring 44 is 
actuated, causing hammer 46 to hit primer 48 and effect 
ignition. Primer 48 igiiites pellet 52 loaded at the top 
of the candle body 50. The heat generated from ignition 
30 pellet 52 ■ then initiates reaction and therefore 

decomposition of the candle body. Once initiated, the 
candle will sustain an exothermic decomposition reaction 
at a uniform rate' to release oxygen at a stable flow rate 
until the chemical core has completely reactfed, 
35 ' The gaseous rekctioh products pass through 
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filter material 30 to remove solid particles and any 
residual chlorine and carbon monoxide and thence through 
outlet valve 2 4 which may be connected to a gas manifold 
or other oxygen delivery means. m the event of blockage 
of outlet valve 24 or other increased pressure inside 
canister, relief valves 26, 28 allow gases to escape. The 
generated oxygen which passes through outlet valve 24 has 
the high purity required for breathing. in preferred 
embodiments the chlorine level is lower than 50. ppb, 
carbon monoxide level is lower then 3 ppm and carbon 
dioxide is lower than 1500 ppm. The candle operates well 
-over wide environmental temperatures.. 

Alkali metal chlorates or perchlorates such as 
NaClOj, KCIO3, LiClOj, KC10„ LiClO, and NaClO^ or mixtures 
thereof , can be used as oxygen generating sources. The 
preferred chlorate is sodium chlorate and the preferred 
perchlorate is potassium perchlorate.. 

Sodium chlorate is a particularly preferred 
oxygen source because it has a relatively .high oxygen 
yield per unit weight compared to potassium chlorate and 
a reasonably low decomposition temperature compared to 
potassium chlorate and. perchlorate . and . lithium 
perchlorate. Decomposition of sodium^ chlorate is 

exothermic once initiated, which is essential for self- 
sustaining operation of the candle. The price of sodium 
chlorate is also lower than other alkali metal chlorates 
and perchlorates. 

One or more alkaline compounds of lithium, 
sodium, potassium,, rubidium, cesium, magnesium, calcium, 
and strontium may be employed as additives to smooth out 
the chlorate decomposition rate and -to suppress free 
chlorine formation. Lithium aluminate, lithium carbonate, 
lithium borates, Uthium phosphates, lithium silicates, 
calcium phosphates and pyrophosphates, strontium 
carbonate, and strontixim phosphate are particularly 
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preferred additives because they are stable ■ and have low 
solubility in water and do not readily hydrate. Sodium 
aluminate, sodium borates and sodiiim silicates are also 
preferred because of their stability and low price. 

Temperature programmed decompositions were 
conducted using a thermal balance such as the Model 409 
Thermal Analyzer- available from NETZSCH of Germany. The 
ingredients for each test were intimately mixed by 
grinding. -Approximately 100 mg of the mixture ., was then 
heated to raise the temperature thereof at a rate of 
ZO'C/min in an oxygen ^stream. The weight of each sample 
at " an elevated temperature was compared against its 
original weight at room temperature. The weight of each 
sample was recorded and presented as a percentage of its 
original weight- against its temperature presented in 
Figxires 1, lA, 2 and 2A, representing the results of the 
■thermal gravimetric analyses using the Model 409 Analyzer. 

In Figure 1, the temperature programmed 
decomposition profile of NaClOj mixed with .1.0% by weight 
of cobalt oxide catalyst is represented by the line 
identified by tlie numeral l. Cobalt oxide catalyst is 
represented as CoO^ where = a number from 1.0 to 1.5. 
Line 2 is the graphical profile representation for 
decomposition of sodium chlorate containing 1.0% cobalt 
oxide and 4.0% strontium carbonate. Line 3 is the 
gf Siphical representation for sodium chlorate decomposition 
containing 1.0% lithium te-traborate and 1.0% CoOj^. Line 4 
depicts the decomposition curve for soditam chlorate 
catalyzed with 1.0% CoO^ and containing 2.0% calcium 
pyrophosphate. Line 5 indicates the decomposition of 
sodium chlorate catalyzed with. 1.0% CoO^ and containing 
2-0% sodium silicate- Line 6 shows the results of sodium 
chlorate decomposition catalyzed with 1.0% CoO^^ and 1.0% 
lithium phosphate. " • 

Fig^ lA graphically depicts the decomposition 
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curves for sodiiam chlorate alone as indicated by the line 
12 in that figure, while lines 7 to 11 inclusive show 
decomposition curves for sodium chlorate catalyzed with 
1.0% CoO^ and also containing as additives 1.0% calcium 
hydroxide (line 7), i.o% lithium carbonate (line 8), 0.5% 
lithium peroxide (line 9), 4.0% barium oxide (line 10) and 
1.0% lithium metaborate (line 11) respectively. 

Line 1 and line 12 in Figs. 2 and 2A depict the 
decomposition profiles of NaClO^ catalyzed by 1.0% CoO^ and 
NaClOj alone respectively Lines 2-11 in Figs. 2 and 2A 
depict the decompositions curves of NaClO^ catalyzed by 
1.0%' Coo^ and containing 2%.. NaHCO,, 1% Ua^CO^., 2% 

NajCr^Of.ZHjO, 3% KOH, 3% NajPQ^ . 12H20 , 3% NaOH , 4% Ba(0H)2, 
2% LiOH, 2%"fIaB02, and 2% • Sr (OH) 2- SHjO respectively. 

15 The weight .-losses of the samples represented by 

curves 2-8 -and 11 of Figs., 1, lA and curves 2-11 of Figs. 
2, 2A occurred at temperatures higher than the melting 
temperature of NaClO,, which indicates that all these 
alkaline additives are inhibitors for catalyzed NaClOj 

20 decomposition. The alkaline additives referred to in 

Figs. 1 and lA have all been proven to smooth oxygen 
evolution and suppress chlorine formation, for a sodixam 
chlorate ca:ndle. It can be seen that the curves presented 
in Figs. 2 and 2A are very close to those presented in 

25 Figs. 1 and lA. Therefore, it can be recognized that the 

alkaline additives referred to in Figs. 2 and 2A will 
smooth oxygen evolution and suppress chlorine formation in 
" a similar manner. 

As is evident from curve 12 as illustrated in 

3 0 Figure - lA, decomposition of the sodium chlorate, started at 

480''C and was complete at 590«»C. When 1.0% cobalt oxide 
was mixed, the decomposition started at. 225 "C and 
completed at 300 *C as depicted in curve 1 of Fig- l 
compared to the melting temperature 260*0 for NaClOj. A 

35 considerable portion of .the NaqiOj decomposed in solid 
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state . 

Nonuniform dispersion and irregular contact of 
the catalyst and NaClOj can cause a irregular oxygen 
evolution. When in solid phase, the oxygen produced has 
to build up pressure and force its way out from inside of 
a candle core , which can also result in irregular oxygen 
flow. In addition, the pressure build up can rapture the 
candle core and result in cracks and thus produce more 
erratic operation for the candle. ' 

' If NaCiOj is made to decompose above its melting 
temperature ZSCC, there is much better contact between 
the catalyst and liquid NaClOj. Nonuniform density 
distribution resulting from uneven pressure during the 
pressing is eliminated. Irregular oxygen evolution 
resulting from minor cracks is also unimportant since, -the 
liquid NaC103 can fill the cracks. Liquid sodium chlorate 
has a low viscosity. Oxygen produced inside the liquid 
phase can get out readily. All these effects contribute 
to a smoother oxygen evolution. 

BaOg and relatively high levels of Li^Oj have been 
used in NaClOj candles to suppress chlorine formation as 
previously indicated. Curves 9 and 10 in Figure lA are 
the decomposition profiles of NaClOj with 1. 0% cobalt oxide 
and 0.5% LijOj and 4.0% SaOj respectively. Although the 
lithium peroxide and barium oxide brought the 
decomposition above NaClOj's melting temperature and thus 
contributed to smooth oxygen evolution, the disadvantage 
of BaOg as an additive has been described , and the adverse 
consequences of high levels has also been explained. 

The additives referred to in Figs. 2 and 2 A are 
less preferred than those set forth in Figs. 1 and lA 
because the former are less stable, exhibit, some 
hygroscopicity, or contain water. Furthermore, the 
additives of Figs. 2 and 2 A are somewhat harder to 
' " disperse than' those referred to in- Figs. 1 and lA. 
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It is clear from Figs, i, lA, 2 and 2 A that 
alkaline compounds of lithium, sodium, potassixim, calcium, 
strontium, and barium all have an inhibiting effect on 
catalyzed. NaCl^^j decomposition and thus can smooth the 
oxygen evolution and suppress chlorine formation. 
Rubidium and cesium are very close to sodium and potassium 
and magnesium is very close to calcium and strontiiam 
chemically. Therefore, basic compounds of rubidium, 
cesium and magnesium can work equally as well. 

The inhibiting effect depends on the alkalinity 
of the additives. Higher alkalinity additive usually 
provides more inhibiting effect. In basic media chlorine 
tends .to disproportionate into chlorate and chloride 
especially at elevated temperatures. Therefore, these 
basic. additives can suppress chlorine by either directly 
reacting with any chlorine formed or by making the candle 
basic and keeping chlorine from being formed, as a result 
of shifting of the equilibria, involved in chlorate 
disproportionation . 

Additives with small particle , size or high 
sxirfaee, area are preferred because smaller particle can 
provide more intimate mixing and thus provide more 
inhibiting effect. Soluble alkaline compounds such as 
sodium silicate and borates have more effect because once 
dissolved the solution can interact with cobalt oxide and 
sodium chlorate more readily. But once dissolved, these 
compounds are somewhat more difficult to disperse and a 
certain degree of hydration and hydrolysis can occur, and 
thus .makes it much harder to dry the candle. 

As .is evident from • Figs, l, ,1A, 2 and 2A, 
borates, carbonates, chromates, hydroxides, peroxides, 
phosphates and silicates of the defined alkali and 
alkaline earth elements are f;inctional to smooth oxygen 
evolution and suppress chlorine.. Therefore, it is 
manifest, that other alkaline compounds of the said 
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eiements such as aluminates, inanganates, stannates, 
titanates, tuhgstates and zirconates will function in the 
same manner. Basic salts containing complex anions such 
as polyphosphates and polysilicates are " also useful as 
5 ■ alkali mietal chlorate or perchlorate candle additives for 
the same purposes as described previously. . 

By analogy to sodium bicarbonate (NaHCOj) , other 
acid, salts of the elements described previously can also 
be used to smooth the decomposition and suppress chlorine. 
10 For example, acid salts such as M^HPO^ 'CM = Li, Na, K, Rb, 

Cs) and NHPO^ (N = Mg, ca, Sr) are basic and can thus be 
used. Monobasic phosphates MHjPO^ and N(H2PO^)2 are 
generally acidic. But these" acidic monobasic phosphates 
can decompose at relatively' low temperature to form a 
IS basic salt and thus, can also be -used. For example, 

NeiH^jPO^ - 2H2O loses 2 HjO at 100*0, and decomposes to form 
NajHjPjO/ at ZOCC, and f orm NajPjO, between 400*C and 5Q0*»C. 
These acid salts are generally less preferred because they 
tend to produce water upon decomposition. 
20 The decomposition temperature of sodium chlorate 

decreases with increasing cobalt oxide loading and 
increases with increasing alkaline compound loading. By 
using a proper combination of cobalt, and the alkaline 
compounds, it is possible to make sodium chlorate 
25 decompose at any given temperature between approximately 

225«C and BOO^C. 

The inhibiting effect of these described 
alkaline additive compounds are less important to. candles 
which employ alkali chlorates or perchlorates other than 
30 sodium chlorate as the oxygen source. For example, the 

melting temperature of LiClOj and LiClO^ are 129 and 
247 "»C respectively. The lithium compounds always 
decompose in- liquid phase even when catalyzed by cobalt 
oxide with no alkaline- additive added. An inhibitor is 
35 therefore not essential. The melting points of KCIO3, 
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KCIO4 and NaClO^ are 3 57*C, 580 "C and 4 68°C respectively. 
MciJcing them decompose . above their melting temperature 
requires a much higher fuel loading to sustain the 
decomposition and results in hotter generator. Again, 
alkaline inhibitors are not as essential when any of these 
are used alone. 

In the case of NaClOj mixed with the other alkali 
metal chlorates or perchlorates , however, the alkaline 
compounds work in the same way as for NaClO^ hy itself. 
Examples are NaClOj/LiClO^ and NaClO^/KClO^ .mixtures. 
NaClOj can form eutectic with LiClO^ or KCIO^. The melting 
temperataires of the-, eutectigs , are . a little lower than 
NaClOj.'s melting temperature.. When catalyzed by cgbalt 
oxide, decomposition of the -mixtures started at almost the 
same temperatures as for NaClOj alone- Therefore, the 
alkaline additiv^es can raise the decomposition temperature 
and, provide smooth oxygen evolution. 

Lithium aluminate, metaborate, tetraborate, 
phosphates, silicates and carbonate, calcium phosphates 
and pyrophosphates strontium carbonate cure all stable 
compounds and have very low solubility in waiier and they 
do not hydrate. This is a great advantage over other 
alkaline compounds. Therefor^, oxygen generating 

formulations with these compounds can be either dry or wet 
mixed. Oxygen generated by candles containing these 
compounds has a low moisture level. 

calcium phosphate . and pyrophosphate are 
thermally stable. They are insoluble in water and do not 
hydrate. Both calcium phosphate and pyrophosphate are 
non-toxic and have long been used in animal food to 
provide calcium. Therefore, these two calcium compounds 
are excellent additives to be used in sodium chlorate 
candles to smooth, oxygen evolution and suppress chlorine. 
CaHPO^ and Ca(H2PO^)2 decompose at around 200*»,C to form 
Ca3(P04)2 or cajPjO^. and. can thus be. used ^ 
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Stron-cium car&onate is very stable in air. It 
does not decompose until 117 CC. It does not dissolve in 
water or hydrate. SrCO^ inhibits to a less extent and 
raises the decomposition temperature just above the 
melting poini:: of NaClO^. Therefore, candle containing 
SrCO^ can have less fuel and the operation temperature will 
be lower , which is advantageous . 

Lithium carbonate is chemically stable. It has 
low solubility in water and does not hydrate. At elevated 
temperatures it gradually decomposes to LijO and CO2. The 
decomposition is very Slow in air below 850^ C but, much 
faster in molten NaClO^. However, lithium carbonate is a 
very effective 'inhibitor. As little as 0.2% LigCOj is 
enough to produce' smooth oxygen evolution. • Complete 
decomposition of thfe' 0.2% LijCOj would produce only less 
than 2000 ppm COj in the oxygen generated compared to 
allowed COj coricehtration of 5000 ppm allow^id in many 
applications . 

Sodium metaborate and tetrabora'te , . sodium 
metasilicate and ' orthosilicate are inexpensive auid 
thermally very staLble. ' Therefore, they are also good 
candidates as additives in the oxygen generator to smooth 
the decomposition and suppress chlorine formation. 

The preferred candle composition includes about 
0.05% to about 5.0% by weight of LiAlOj, LiBOj, Li2C03, 
LijPO^, LijSiOj, LijB^o^, NagSiOj, with 0.1%- to 2.0% being 
particularly preferred and 0.05% to 10.0% Ca2P207 or SrCOj, 
with about 0.2% to 4.0% by weight being particularly 
preferred. The chemicals purchased from Alfa Products or 
0 Aldrich Chemical'Inc. have been found t^a be suitable. The 

same additives obtained from other sources are suitable so 
long "as they have small particle -size.* - If the additive 
chemicals as' purchased are of relatively -large particle 
size, these additives can also be made useable by grinding 
5 into fine powders. 
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The preferred catalysts include the cobalt 
oxides, such as CoO, COjO^, COjOj, or CoO^, where x equals 
1.0 to .1.5, and mixtures thereof. Cobalt oxide is 
particularly preferred as it can lower the decomposition 
5 temperature of sodium chlorate from 4 50°C to approximately 

230''C. It may, -be obtained by decomposing cobalt carbonate 
or cobalt hydroxide- For example, cobalt carbonate may be 
decomposed at 260° C for 2 4 hours to produce a cobalt oxide 
with a . specif ic surf ace area of approximately 100 m^/g. 

10 Preferred metal powder fuels include iron, 

manganese, cobalt, nickel, tungsten, titanium, magnesium, 
aluminum, niobiiun, zirconium, and mixtures thereof. 

Iron, cobalt, or manganese powder having high 
purity and high surface area is especially preferred. 

15 Iron is • -particularly suitable. It may be obtained 

electrolytically or by hydrogen reduction. These 
processes, yield iron powder substantially free of carbon 
and other impurities which would produce toxic coiapounds 
upon operation of the candle. Use of iron powder in the 

20 oxygen-generating candle fxirnishes heat and assists in 

steibilizing chlorate decomposition. Candles containing 
iron are leiss sensitive to surrounding temperatures than 
catalyzed fuel free candles previously described. 

Preferred binders include glass powder, glass 

25 fiber, cercunic fiber, steel wool, and mixtures thereof. 

These binder materials can help to keep integrity of 
working candles and also help in mixing and pressing. 

. While the precise chemical reaction is not 
known, . lithixom carbonate, . metaborate, tetraborate, 

3 0 phosphate and silicate, sodium metasilicate and strontium 

carbonate are basic and suppress free chlorine formation 
by either directly reacting ch^lorine gas or increasing the 
alkalinity of the candle and keeping chlorine gas from 
being formed. 
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Ttie ignition pellet 5 2 tvpicaily may have a 

composition as follows: 

Fe 30% 

FegOj 10% 

CO2O3 10% 

Glass powder 5% 

NaClO, '45% 

EXAMPI.E 1 

1st Layer: 1Q.6 gram. 79-0% NaClO,, 10.0% Fe, 7.0% Coo,^ 

and 4.0% glass powder 

2nd Layer: 34.3 gram. 86.9% NaclO^, 7.5% Fe, 0.5% 

Li2B^07., 2.1% Cod^ and 3.0% glass powder 

3rd Layer: 60.9 gram. 89.7% NaClOj, 6.0% Fe, 0.5% 

LigB^GT-, 0.8% CoOj^^ and 3.0% glass powder 

4tli Layer: 120.2 gram. 93.4%- NaClOj, 3.0% Fe, 0.5% 

. LijB^O^, 0.6% CoO^, and 2.5% glass powder 

The candle lasted for 16-2 minutes with a oxygen 

release of 68.5 liters at room temperature by weight 

change. The impurities levels are 1,080 ppm co^r 1 ppm CO, 

less than 20 ppb chlorine, and 6.6 rog water per liter 

oxygen- The oxygen flow over time is shown in Figure 3. 

EXaMPLE 2 

1st Layer: 10.6 gram. 79.0% NaClOj, 10.0% Fe, 9.0% CoO^ 

and 2.0% glass powder 

2nd Layer: 34.3 gram. 86-5% NaClOj, 8.0% Fe, 0.5% 

LiBOj, 3.0% CoO^ and 2.0% glass powder 

3rd Layer: 178.4 gram. 89.5% NaClOj, 6.0% Fe, 0.5% 

LiBOj, 2.0% CoO^ and 2.0% glass powder 

The candle lasted for 10.5 minutes with a oxygen 

- release of 64.9 liters room. i:emperature by weight 

-; change. The. impurity levels are 995 ppm COj, 1 ppm CO, 

less than 20., ppb chlorine, and .6.4 mg water per liter 
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oxygen. The oxygen flow rare over rime is shown in Figure 
4 . 

1st Layer: 10.6 gram. 80.0% NaClO,, 10.0% Fe, 7.0% coO 

and 3.0% glass powder * 

2nd Layer: 34.3 gram. 87.9% NaClO,, 7.5% Fe, 1.0% 

LijPO^, 1.6% CoOj^ and 2.0% glass powder 

3rd Layer: 60.9 gram.. 90.2% NaClO,, 6.0% Fe, 1.0% 

LijPb^, 0.8% CoO^ and 2.0% glass powder 

4th Layer; 120.2 gram. ^3.6% NaC.lOj, 3.0% Fe, 1.0% 

LijPb^, 0.4% CoO^, and 2.0% glass powder 



The candle lasted for 18,2 minutes with a oxygen 
release of 67.0 liters at room temperature by weight 
change. The oxygen contains 1 ppm CO, 920 ppm CQ^, 0 ppb 
Clj, and 4.8 mg H^O per liter oxygen. The oxygen flow rate 
over time is shown in Figure 5 . 

EXAMPLE 4 

1st Layer: 10.6 gram. 77.0% NaClO,, 11.0% Fe, 9.0% CoO^ 

and 3.0% glass powder. 

2nd Layer: 34,3 grcun. 87.7% NaClO,, 7.5% Fe, 0.2% 

LijCOj, 1.6% CoO^ and 3.0% glass powder 

3rd Layer: 60-'9 gram. 90.0% NaClO,, 6.0% Fe, 0.2% 

Li2C03, 0.8% CoO^ and 3.0%' glass powder. 

4th Layer: 80.8 gtam. 94.4% NaClO,, 3.0% Fe, 0.2% 

LijCPj,. 0,4% Coo^ and 2.0% glass powder 

5th Layer: 41.4 gram. 96.2% NaClo,, 1.3% Fe, 0.2% 

LijCdj, 0.3% CdO^ and 2.0% glass powder 

The candle lasted for 15 .'3 minutes with a oxygen 

release of 69.3 liters at room temperature by weight 
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ctiange. The impurity levels are 1490 ppm CO,, l ppm CO, 
less than 20 ppb chlorine, 5.0 irg water per liter oxygen, 
and the oxygen evolution was smooth - 

EXAMPLE 5 

• - 1st Layer: 10.6 gram. 81.0% NaClOj, 9.0% Fe, a.0% CoO^^ 

and 2 . 0% glass powder 

2nd Layer: 34,3 gram. 85.5% NaClO^, 8.0 Fe, 0.5% 

NajSiOj, 4.0% CoOj^ and 2.0% glass powder 

3rd Layer: 60.9 gram. 90.9% NaClOj, 5.5 Fe, 0.5% 

NkjSiOj,, 2.1% doOj^ and 2.0% glass powder 

4th Layer: 120.3 gram. 92.7% NaClO,, 3.5 Fe, 0.5% 

Na^SiOj, 1.5% CoO^ and 2.0% glass powder 

The candle lasted for 14.7 minutes with a oxygen 

release of 67 . 8 liters at room temperature by weight 

change- The oxygen flow over time is given in Figure 6. 

The imp\irity levels of the oxygen are 0 ppm CO, 1530 ppm 

COji 0 ppb Clj, and 7.3 mg H^O per liter oxygen. 

EXAMPLE 6 

1st Layer: 10.6 gram. 77.0% NaClOj, 11.0% Fe, 9.0% CoO^ 

and 3.0% glass powder 

2nd Layer: 34.3 gram. 87.8% NaClO,, 8.0% Fe, 0.5% 

LijCOj, 1.7% CoO^ and 2.0% glass powder 

3rd Layer: , -6? -9 gram. 90.7% NaClO,, 6.0% Fe, 0.5% 
LijCOj, 0.8% CoO^ and 2.0% glass powder 

4th Layer: 83.7 gram. 94% NaClO,, 3.1% Fe, 0.5% Li^COj, 

0.4% CoO^ and 2.0% glass powder 

5th Layer: , 36.4 gram. 96.0% NaClO,, 1.2% Fe, 0.5% 
"LijCOj, 0.3% CoO^ and 2.0% glass powder 

The candle lasted for 21.2 minutes with a oxygen 
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release of 69.2 liters at room temperature by weight 
change. The oxygen flow over time is shown in Figure 7. 

EXAMPLE 7 

1st Layer: 10.6 gram. 80.0% NaClO,, 10.0% Fe, 7.0% CoO^ 

and 3.0% glass powder 

2nd Layer: 34.3 gram. 87.3% NaClO,, 7.5% Fe, 0.5% 

LijSiOj, 1.7% CoO^ and 3.0% glass powder 

3rd Layer: 60.9 gram. 89.5% NaClO,, 6.0% Fe, 0.5% 

Li2Si03, 1.0% CoO^ and 3.0% glass powder 

4th Layer: 120.3 gram- 92.7% NaClO,, 3.5% Fe, 0.5% 

Li^SiOj, 0.8% CoO^ and 2.5% glass powder 

The candle lasted. tor 14.5 minutes with a oxygen 

release of 66.2 liters at room temperature by weight 

change and the oxygen evolution wais smooth. The impurity 

levels are 7 ppm CO, 580 ppm CO^, 0 ppb Clj, and 6.1 mg U^O 

per liter oxygen. 

EXAMPLE a 

1st Layer: 10.6 gram. 80.0% NaClO,, 10.0% Fe, 7.0% CoO^ 

and 3.0% glass powder 

2nd Layer: 34.3 gram. 85.9% NaClO,, 7.5% Fe, 2.0% 

CajPjOrr 1.6% CoO^ and 3.0% glass powder 

3rd Layer: 60.9 gram. 88.5% MaClOj, 6.0% Fe,' 2.0% 

CajPjO^f 0.5% CoOj^ and 3.0% glass powder 

4th Layer: 120.3 gram. 92.5% NaClO,, 3.2% Fe, 2.0% 

CajPjO^, 0.3% Cod^ and 2.0% glass powder 

The candle lasted for 12.4 minutes with a oxygen 

release of 67.4 liters at room temperature . by weight 

change and the oxygen evolution was smooth. The impurity 

levels are 8 ppm CO, 950 ppm CO^, 0 ppb Cl^, and 6.4 mg HjO 

per liter oxygen. 
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Claimss 

1. In a oxygen-g-enerating candle compos i"Cion 
that includes an amount of an alkali metal chlorate or 
perchlorate oxygen source other than lithium perchlorate 
5 alone and which upon' initiation and decomposition thereof 

will yield oxygen and residual chlorine, the improvement 
which comprises a non-toxic additive incorporated into the 
candle composition for suppression of the residual 
chlorine and fo enhance uniform oxygen generation and 
10 evolution, said additive being an alkaline compound 

selected from the group consisting of (a) a compound of 
the formula MaHtjX^O^ where M ==' an alkali metal or alkaline 
earth metal, a = a number which is one or more, H = 
hydrogen, b = ariumber which is 0, or one or more, X = an 
15 element chosen from the group consisting of the elements 

of Group IIIA, the elements of Group IVA, the elements 
identified by the numbers 15 and 51 of Group VA, the 
elements of Group IVB, the elements of Group VB, the 
elements of Group VIB, and the element identified by the 
20 ntunber 25 of "Group VIIB of the Periodic Table, c = a 

number which is one or more, O = oxygen, 'and d = a niimber 
which is one or more; (b) lithium, sodixim, potassium, 
rubidium, cesium, magnesium and strontium hydroxides; (c) 
magnesium, calcium and strontium peroxides; and (d) 
25 mixtures of the foregoing. 
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2. The oxygen-generaring candle coinposi"cion of 
Claim 1 , wherein said additive is an alkaline compound 
selected from the group consisting of alkali metal and 
alkaline .earth metal aluminates, borates, carbonates, 
chromates, germinates, haf nates , manganates , molybdenates , 
niobates , phosphates , silicates , stanates , tantalates , 
titanates, tungstates, vanadates, zirconates, and 
derivatives of the foregoing compounds in which the alkali 
metal and alkaline earth metal cations are partially- 
substituted by hydrogen. 

3.. The oxygen-generating, candle composition of 
Claim 1, wherein said. additive is present in an amount of 
from about 0.05% to about 10% weight of the candle 
■ • composition. 

4. The oxygen-generating candle composition of 
Claim 3, wherein said additive is lithium tetraborate. 

.5 . The oxygen-generating candle composition of 
♦ Claim 3, wherein said additive, is lithium metaborate. 

6. The oxygen-generating candle composition of 
• Claim 3,. wherein said additive is lithium phosphate. 

7. The oxygen-generating candle composition of 
Claim 3, wherein said additive is lithiiim carbonate. 
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8 . The oxygen-generating candle composition of 
Claim 3, wherein said additive is lithium silicate. 

9. The oxygen-generating candle composition of 
Claim 3 , wherein the additive is a lithium compound 
provided in an amount of from about 0.05% to about 5% by 
weight of the candle composition. 

10. The oxygen-generating candle composition of 
Claim 3 , wherein the additive is a lithium compound 
provided in an amouht of from about 0.1% to about 2% by 
weight of the candle composition. 

11. The oxygen-generating candle composition of 
Claim 3, wherein the additive is a sodium compound 
provided in an amount of from about 0.05% to about 5% fay 
weight of the candle composition. 

12. The oxygen-generating candle composition of 
Claim 2 f wherein the additive is a sodixom compound 
provided in an amount of from about 0.1% to about 2% by 
weight of the candle composition. 

' 13 . The oxygen-generating candle composition of 
Claim 3, wherein" the additivie is a" calcium compound 
provided in an amount of from about 0.05% to about' 10% by 
weight of the candle composition. 



10 
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14. The oxygen-generating candle composition of 
Claim 3 , wherein the additive is a calcium compound 
provided in an amount of from about 0.2% to about 4% by 
weight of the candle composition. 

15.. The oxygen-generating candle composition of 
Claim 3 , wherein the additive is a strontium compound 
provided in an amount of from about 0.05% to about 10% by 
weight of the candle composition. 

16. The oxygen-generating candle composition of 
Claim 3 , wherein the additive is a strontium compound 
provided in an amount of from about 0.2% to about 4% by 
weight of the candle composition. 

17. The o?cygen-generating candle composition of 
Claim 1, wherein is further included a cobalt catalyst in 
the candle composition. 



20 ; ,18. The oxygen-generating candle composition of 

Claim 17, wherein said cobalt catalyst is a cobalt oxide. 

19 . The oxygen-generating candle composition of 
Claim 18 , wherein .said cobalt catalyst is selected from 
25 the group consisting of CoO, COjO^, CO2O3 and Co^^, wherein 

_ X ranges from about 1 to about 1.5, and mixtures of the 
foregoing. 



15 
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20. The oxygen-generating candle composition of 
Claim 19, wherein said cobalt catalyst is present in an 
amount of from about 0-1% to about 5% by weight of the 
candle composition. 

21. The oxygen-generating candle composition of 
Claim 17, wherein is further included a metal fuel, in the 
candle composition. 

22. The oxygen-generating candle composition of 
Claim 21, wherein said -meta:! fuel is a powder selected 
from the group cdnsisting of iron, manganese, cobalt, 
nickel, tungsten, titanixim, magnesium-, aluminum, niobium, 
zirconium, and mixtures of the foregoing. 

23 . The ox;ygen-generatinij candle composition of 
Claim 22, wherein said fuel is powdered iron. 

24. Th:e oxygen-generating candle composition of 
claim 21, wherein is further included a binder Sielected 
from the group consisting of glass powder, glass fibers, 
ceramic fibers, st^ei wool, and iaixtures of the foregoing. 
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25. In a me-chod of generating brea-thable oxygen 
as a result of the initiation and operation of a candle 
composition that includes a cobalt oxide catalyzed alkali 
metal chlorate or perchlorate oxygen source other than 
5 lithium perchlorate alone, the improved step of adding a 

non-toxic additive to the oxygen source in order to 
increase the decomposition temperature of the alkali metal 
chlorate or perchlorate to a level above the melting 
temperature thereof that assures steady oxygen generation, 

10 said step including introducing into the chlorate or 

perchlorate before initiation thereof, an alkaline 
compound selected from the group consisting of (a) a 
compound of the formula M^H^,X^Oj where M = an alkali metal 
or alkaline eeirth metal, a = a. ntimber which is one or 

15 more, H = hydrogen, b = a number which is one or more, X 

= an element chosen from the group consisting of the 
elements of Group III A, the elements of Group IVA, the 
elements identified by the numbers 15 and 51 of Group VA, 
the elements of Group IVB, the elements of Group VB, tlie 

20 elements, of Group VIB, and the element identified by the 

number 25 of Group VIIB of the Periodic Table., c = a 
number which- is one or more, o = oxygen, and d = a number 
which is 0, one or more; (b) lithium, sodium, potassium, 
rubidium, cesium, magnesium and strontium hydroxides; (c) 

25 magnesium, calcium and strontium peroxides; and (d) 

mixtures of the foregoing. 
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26. A method of generating breathable oxygen as 
set forth in Claim 25, wherein the step of introducing an 
alkaline compound into the alkali metal chlorate or 
perchlorate oxygen source includes adding a compound 
5 selected from the group consisting of alkali metal and 

alkaline earth metal aluminates, borates, carbonates, 
chromates, germinates, haf nates, manganates, molybdenates, 
niofaates, phosphates, silicates, stanates, tantalates, 
titanates, tungstates, vanadates, zirconates, and 
10 derivatives of the forecfoing compounds in which the alkali 

metal and alkaline earth metal cations are partially 
substituted by hydrogen. 

27. A method of generating breathable oxygen as 
15 set forth in Claim 25, wherein the step of introducing an 

alkaline compound into the alkali metal chlorate or 
perchlorate oxygen source includes introducing from about 
0.05% to about 10% weight of said additive to the oxygen 
source. 

20 ■ - , 

28- A method of geinerating^ breathable oxygen as 
set forth in Claim 25, wherein the step of ■ introdiicing an 
alkaline compound into the alkali meta.1 chlorate or 
perchlorate oxygen source includes incorporating a lithium 

25 compound selected from the groups (a) and (b) set forth 

which is provided in an amount from about 0.05% to about 
5% by weight of the candle composition. 
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.29. A method of generating breathable oxygen as 
set forth in Claim 25, wherein the step of introducing an 
alkaline compound into the alkali metal chlorate or 
perchlorate oxygen source includes incorporating a sodium 
5 compound selected from the groups (a) and (b) set forth 

which is provided in an amount from about 0.05% to about 
5% by weight of the candle composition. 

30. A method of generating breathable oxygen as 
10 set forth in Claim. 25, wherein the step of introducing an 

' alkaline compound into the alkali metal chlorate or 
perchlorate oxygen source includes incorporating a 
potassium compound selected from the groups (a) and (b) 
set forth which is provided in an amount from about 0.05% 
15 . to about 5% by weight of the candle composition. 

31. A method of generating ^breathable oxygen as 
set forth in Claim 25, wherein the step of introducing an 
alkaline compound into the alkali metal chlorate or 

20 perchlorate oxygen source includes incorporating a calcium 

compound selected from the groups (a) and (c) set forth 
which is provided in an amount from about 0.05%. to about 
10% by weight of the candle composition . 



wo 93/17961 PCr/US93/01562 

32 . A method of generating breathable oxygen as 
set forth in claim 25, wherein the step of introducing an 
alkaline compound into the alkali metal chlorate or 
perchlorate oxygen source includes incorporating a 
strontium compound selected from the groups (a) and (c) 
set fortJi which is provided in an amount from about o.05% 
to about 10% by weight of the candle composition. 
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